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MULTILAYER FILMI FOR MEDICAL 
SOLUTION POUCHES HAVING REDUCED 
PROFICIENCY FOR FORMING BUBBLES 

BACKGROUND OF THE INVENTION 

It is common practice to Supply medical Solutions for 
parenteral administration in the form of disposable, flexible 
pouches. One class of such pouches is commonly referred to 
as an “I.V. bag. These pouches must meet a number of 
performance criteria, including collapsibility, optical clarity 
and transparency, high-temperature heat-resistance, and Suf 
ficient mechanical strength to withstand the rigors of the 
environment in which they are used. Medical solution 
pouches should also provide a sufficient barrier to the passage 
of moisture vapor and other gasses to prevent contamination 
of the solution contained therein. 

High-temperature heat resistance of medical pouches is 
important so that the contents of the pouch can be heat ster 
ilized. Heat-sterilization of Solution-containing medical 
pouches typically occurs in an autoclave at about 250°F. for 
periods of 15 to 30 minutes. Steam is generally used as the 
heat-transfer medium. Heat-sterilization is normally per 
formed by the manufacturer and/or packager of the medical 
Solution prior to sending the packaged medical Solution to the 
end user, e.g., a hospital. This helps to ensure that the medical 
Solution, as packaged in the medical solution pouch, will be 
Substantially free from contamination. Accordingly, a 
requirement of medical solution pouches is that they must be 
able to endure the high temperatures which are encountered 
during heat-sterilization without deterioration by, e.g., devel 
oping a heat-seal leak or other type of containment failure. 

To achieve the desired properties and functionalities, films 
for use in medical pouch applications generally include mul 
tiple layers in which each layer provides one or more prop 
erties so that the resulting pouch has the desired end proper 
ties. For example, the film may include outer layers and one or 
more inner layers including adhesive or “tie' layers that 
adhere layers to each other. Generally, films for use in the 
preparation of medical pouches include aheat/abuse-resistant 
layer that forms the outside surface of the pouch. The primary 
functions of the outer layer are to provide heat-resistance to 
the pouch during heat-sealing and heat-sterilization, and to 
provide abuse-resistance from external handling and abra 
Sion. 

During autoclaving, the film is Subjected to a high tempera 
ture to sterilize the contents of the pouch. In the case of 
medical Solutions, the autoclaving process can result in the 
formation of bubbles or foam within the solution. It is 
believed that the formation of bubbles or foam may be the 
result of components of the film that have migrated into the 
medical Solution during autoclaving. The presence of Such 
foam/bubbles may in some cases be undesirable. For 
instance, films for use in medical pouches in China must pass 
a so-called “bubble test” in which the presence of any bubbles 
or foam after autoclaving and rigorous shaking must quickly 
dissipate. 

Accordingly, there exists a need for a multilayer film that is 
suitable for as a material for the manufacture of medical 
Solution pouches, and which has a reduced proficiency for 
forming foam or bubbles after the pouch has been heat-ster 
ilized. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to a multilayer film for 
forming medical Solution pouches that helps prevent or 
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2 
reduce the presence of bubbles or foam in the solution after 
heat sterilization, such as autoclaving. In particular, the 
present invention provides a multilayer film for forming 
medical Solution pouches that are capable of passing the 
bubble test as set forth in the Chinese State Drug Package 
Container Material Standard No. YBB001 12005. 
The inventors of the present invention have discovered that 

incorporating polyamide 612, calcium Stearate, or a combi 
nation thereof into one or more layers of the film can help 
prevent or reduce the formation of foam in the medical solu 
tion following autoclaving. Polymeric films may include 
additives and other components that can migrate through the 
film during heat sterilization. Such components can also 
include residuals that comprise unreacted or partially reacted 
monomers, dimers, and trimers. The inventors have discov 
ered that the presence of polyamide 612 or calcium Stearate, 
or a combination thereof in one or more layers of the film can 
help prevent residuals and other components of the film from 
migrating through the film and into the contents of the pouch. 
As a result, the formation of foam in the solution after heat 
sterilization can be reduced or prevented. 
The amount of polyamide 612 added as an anti-foaming 

agent generally ranges from about 10 to 35 weight percent, 
based on the total weight of the layer to which it has been 
added. In one particular embodiment, the amount of polya 
mide 612 is from about 20 to 35 weight percent, based on the 
total weight of the layer to which it has been added. The 
amount of calcium Stearate added as an antifoaming agent 
typically ranges from about 1 to 2 weight percent, based on 
the total weight of the layer to which it has been added. 

In addition to polyamide 612 and calcium Stearate, the 
inventors have also discovered that certain fatty amides can 
also help reduce or prevent the formation of foam. Fatty 
amides and derivatives thereofthat can be used in the practice 
of the invention generally have carbon chains that are 
between about 12 to 22 carbons. In particular, it is generally 
desirable for the fatty amide to have a melting point above 
about 100° C., and more particularly above about 121°C. In 
one embodiment, the fatty amides and derivatives thereofare 
selected from the group consisting of N,N'-ethylene bis 
(stearamide), N,N'-methylene bis(stearamide), N,N'-ethyl 
ene bis(oleamide), N,N'-propylene bis(oleamide), N.N' eth 
ylene-bis(12-hydroxysteramide), and N(2-hydroxethyl) 
12-hydroxysteramide, and blends thereof. The amount of the 
fatty amide component that is incorporated into the film layer 
may be from about 1 to 2 weight percent. 

In one embodiment, the present invention is directed to a 
multilayer film wherein at least one of the exterior layers of 
the film comprises a copolyester having a dicarboxylic acid 
component and a diol component. In this embodiment, the 
polyamide 612 or calcium Stearate is preferably incorporated 
in the copolyester layer. The copolyester layer can be used to 
form the outer surface layer of a pouch formed from the 
multilayer film. 
The multilayer film may include five layers and have an 

interior core layer, a first exterior layer defining an inner 
surface of a pouch formed therefrom, a second exterior layer 
forming an outer Surface of a pouch formed therefrom, a first 
adhesive layer positioned between and in adherence with 
interior layer and first exterior layer, and a second adhesive 
layer positioned between and in adherence with interior layer 
and second exterior layer. As noted above, the second exterior 
layer preferably comprises a copolyester in which the polya 
mide 612 or calcium Stearate is incorporated. 

In a further aspect, the present invention provides medical 
pouches formed from a multilayer film having a reduced 
proficiency for forming bubbles or foam following heat ster 
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ilization. In one embodiment, the layer of the film forming an 
outer Surface of the pouch is comprised of a copolyester in 
which the polyamide 612 or calcium Stearate is incorporated. 

In addition to reducing or preventing the formation of foam 
or bubbles, the multilayer films of the present invention 
exhibit all of the other performance criteria which are 
required in a medical solution pouch. That is, the multilayer 
films have good optical properties, flexibility/collapsibility 
and mechanical strength, and are able to withstand high 
temperature sterilization. In addition, the films provide good 
barrier properties. For these reasons, the inventive multilayer 
films are ideally Suited for the packaging and administration 
of medical solutions. 

BRIEF DESCRIPTION OF THE SEVERAL 

VIEWS OF THE DRAWING(S) 

Having thus described the invention in general terms, ref 
erence will now be made to the accompanying drawings, 
which are not necessarily drawn to scale, and wherein: 

FIG. 1 is a schematic cross-section of a five-layer film in 
accordance with the present invention; and 

FIG. 2 is a perspective view of a pouch prepared from a 
multilayer film that is in accordance with the present inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention now will be described more fully 
hereinafter with reference to the accompanying drawings, in 
which some, but not all embodiments of the inventions are 
shown. Indeed, these inventions may be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure will satisfy applicable legal 
requirements. Like numbers refer to like elements through 
Out. 

The present invention is directed to a multilayer film that 
can be used for forming flexible pouches that can be used to 
package and administer medical Solutions, and more specifi 
cally, to pouches having a reduced proficiency for forming 
foam in a medical solution following heat sterilization. The 
inventors of the present invention have discovered that incor 
porating polyamide 612 or calcium Stearate into one or more 
layers of the film as an anti-foaming agent can help prevent or 
reduce the formation of foam in the medical solution follow 
ing autoclaving. In the context of the invention, the term foam 
is used interchangeably with the term “bubble' or “bubbles.” 

In particular, films inaccordance with the present invention 
are capable of passing the so-called “bubble test” in accor 
dance with the test methods required by the Chinese State 
Food and Drug Administration (SFDA). The bubble test is 
described in the State Drug Package Container Material Stan 
dard No. YBB001 12005, the contents of which are hereby 
incorporated by reference. According to the test, an inner 
surface area of 600 cm at a smooth part of film is cut it into 
5 cmx0.5 cm slices. The slices are thenwashed with water and 
dried at room temperature. The slices are put into 500ml taper 
bottle (e.g., Erlenmeyer flask) in which 200 ml water is added. 
The bottle is then sealed and put into high-pressure steam 
sterilizer for 30 minutes at a temperature of 121°C. Following 
heat-sterilization, the bottle is cooled to room temperature 
and the resulting solution is used as the test Solution. 5 ml of 
the test solution is placed into a test tube with a stopper (the 
test tube has an inner diameter of 15 mm and height of 200 
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4 
mm). The test tube and test solution are then fiercely shaken 
for 3 minutes. Any bubbles generated should disappear in 3 
minutes. 

Examples of medical Solutions which can be packaged and 
administered in accordance with the present invention 
include Saline solutions, dextrose solutions, and Solutions for 
dialysis applications. In the context of the invention, the term 
pouch also includes bags, Satchels, and the like. 

With reference to FIG. 1, a multilayer film that is in accor 
dance with one embodiment of the invention is illustrated and 
broadly designated by reference number 10. In the illustrated 
embodiment, the film 10 is depicted as having 5 layers. How 
ever, it should be understood that the film can include less or 
more layers including 3, 4, 6, 7 or more layers. As shown, 
multilayer film 10 may include an interior core layer 12, a first 
exterior layer 14, a second exterior layer 16, a first adhesive 
layer 18 positioned between and in adherence with interior 
layer 12 and first exterior layer 14, and a second adhesive 
layer 20 positioned between and in adherence with interior 
layer 12 and second exterior layer 16. 

In general, polymeric films may include additives and 
other components that can migrate through the film during 
heat sterilization. Such components can also include residu 
als that comprise unreacted or partially reacted monomers, 
dimers, and trimers. While not wishing to be bound by theory, 
it is believed that these components migrate into Solutions in 
the pouch and promote the formation of foam therein. To help 
prevent the formation of such foam, the inventors have dis 
covered that the presence of polyamide 612, calcium Stearate, 
or a combination thereof in one or more layers of the film can 
help prevent residuals and other components of the film from 
migrating into the film. As a result, the formation of foam in 
the solution after heat sterilization can be reduced or pre 
vented. In particular, the presence of the polyamide 612 and/ 
or calcium Stearate in the second exterior layer of the film can 
help reduce the formation of foam so that the medical pouches 
prepared therefrom are capable of passing the bubble test as 
set forth in the State Drug Package Container Material Stan 
dard No. YBB001 12005. 

In addition to reducing or preventing the formation of 
foam, the use of polyamide 612 and/or calcium Stearate also 
does not result in blooming of the anti-foaming additive dur 
ing sterilization, Such as autoclaving. Blooming refers to the 
tendency of the material to migrate to the exterior surface of 
the film during the autoclaving process. Blooming is typically 
associated with the bag having a hazy appearance and the 
presence of a waxy residual on the outer Surface of the bag? 
film. 
When multilayer film 10 is formed into a medical solution 

pouch, second exterior layer 16 forms the outside surface of 
the pouch. As such, the primary functions of exterior layer 16 
are to provide heat-resistance to the pouch during heat-seal 
ing and heat-sterilization, and to provide abuse-resistance 
from external handling and abrasion. Copolyesters owing to 
their high abuse and heat resistant properties are particularly 
suited for use in the second exterior layer of the film, and in 
particular, in films that are used in the production of medical 
pouches. One such copolyester is produced from a conden 
sation reaction of a dicarboxylic acid component and two diol 
components, and is available from Eastman Chemical Prod 
ucts, Inc. under the tradenames EcdelTM 9965, 9966, and 
9967. For example, copolyesters available under the trande 
name Ecdel are produced from two diols (e.g., 1.4 cyclohex 
anedimethanol and a hydroxyl terminated polyether) and a 
dicarboxylic acid component (e.g., 1,4-cyclohexanedicar 
boxylic acid). 
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In a preferred embodiment, the second exterior layer 16 
comprises a copolyester and a polyamide 612 (also com 
monly known as PA 612 or nylon 612), wherein the copoly 
ester has a dicarboxylic acid component and a diol compo 
nent. The condensation polymerization of copolyester can 
Sometimes be characterized as being rather"messy, meaning 
that the resulting polymer layer may include residuals that are 
present in the polymer. As noted above, Such residuals may 
include unreacted or partially reacted polymer monomers, 
Such as dimers and trimers, which can migrate into the medi 
cal Solution during autoclaving and contribute to the forma 
tion of foam in the solution. Thus, the presence of the polya 
mide 612 helps prevent or reduce Such components from 
migrating from the second exterior layer into the solution. 

Polyamide 612 is the polycondensation product of 1.6- 
hexamethylene diamine and 1,12-dodecanedioic acid (1.10 
decane dicarboxylic acid). The amount of polyamide 612 that 
is incorporated into the copolyester layer is generally 
between about 5 to 40 weight percent based on the total 
weight of the layer into which the polyamide 612 has been 
incorporated. In particular, the copolyester layer may include 
from 10 to 35 weight percent polyamide 612 and more par 
ticularly, from about 20 to 30 weight percent polyamide 612. 

The amount of calcium Stearate that is added as an anti 
foaming agent generally ranges from about 0.5 weight per 
cent or greater and in particular from about 1 to 2 weight 
percent, based on the total weight of the layer to which the 
calcium Stearate has been added. 

Generally, the polyamide 612 and calcium Stearate can be 
blended as an additive during the extrusion process. In other 
embodiments, the polyamide 612 and calcium Stearate can be 
incorporated into other layers of the film, such as an interior 
layer or the first exterior layer. 

In some embodiments, exterior layer 16 may also comprise 
materials selected from the group consisting of other polya 
mides, copolyamide, polyester, high density polyethylene, 
polypropylene, propylene/ethylene copolymer, and polycar 
bonate. 
As shown in FIG. 1, the interior layer 12 may be relatively 

thick in comparison to the other layers of film 10. Such 
relative thickness generally facilitates layer 12 in carrying out 
its primary functions of imparting flexibility, strength, and 
barrier properties to multilayer film 10. A layer which pro 
vides such functions is often referred to as a “core layer. 

Being the thickest layer in multilayer film 10, interior layer 
12 generally has the greatest impact on the optical properties 
of a medical solution pouch made from film 10 after that 
pouch has been heat-sterilized. Thus, the unexpected discov 
ery that a homogeneous ethylene/alpha-olefin copolymer 
traps less steam condensate after heat-sterilization than a 
heterogeneous ethylene/alpha-olefin is particularly signifi 
cant. This property alone, however, is not enough to qualify a 
material as Suitable for use as a core layer in a multilayer film 
used to make medical Solution pouches. The material should 
also 1) have a sufficiently high melting point that the film 
remains intact during the heat-sterilization process; 2) pro 
vide adequate barrier properties, especially to oxygen and 
water vapor; 3) be processable (e.g., coextrudable) with the 
other layers of the film; and 4) impart sufficient flexibility to 
the film that a medical Solution pouch made therefrom can 
drain properly. The inventor has determined that if the homo 
geneous ethylene/alpha-olefin copolymer, or blend of ethyl 
enefalpha-olefin copolymers, of layer 12 has a density rang 
ing from about 0.89 to about 0.92 grams per cubic centimeter, 
the copolymer is capable of providing each of the foregoing 
properties (in addition to excellent optical properties due to a 
lessened tendency to trap steam condensate). Specifically, 
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6 
while homogeneous ethylene/alpha-olefin copolymers, or 
blends thereof, with densities below about 0.89 g/cc may be 
operable, such copolymers are not likely to have a combina 
tion of sufficient heat-resistance to withstand heat-steriliza 
tion, adequate gas impermeability, and satisfactory melt 
strength to be coextrudable with the other layers of the film. 
Similarly, if the density of the homogeneous ethylene/alpha 
olefin copolymer, or blend of copolymers, is greater than 
about 0.92 g/cc, the resultant medical solution pouch may be 
too stiff to drain properly and may not provide the excellent 
optical properties after heat-sterilization which have other 
wise been found to exist with homogeneous ethylene/alpha 
olefins. A more preferred density range for the homogeneous 
ethylene/alpha-olefin copolymer or blend of copolymers is 
0.90 to about 0.91 g/cc. 

Generally, the melt-flow index (ASTM D-1238) of the 
homogeneous ethylene/alpha-olefin copolymer or blend of 
copolymers is less than 20, more preferably less than 10, even 
more preferably less than 2.2 and most preferably, between 
0.1 and 1.5. Exemplary homogeneous ethylene/alpha-olefin 
copolymers include the following from the ExxonMobil 
Chemical Company: EXACTTM 3029 with a melt index of 
approximately 1.2 dg/min (ASTM D-1238), a density of 
approximately 0.91 g/cc (ASTM D-792), and a DSC peak 
melting point of approximately 107° C. (Exxon method); 
EXACTTM 3025 with a melt index of approximately 1.2 
dg/min (ASTM D-1238), a density of approximately 0.91 
g/cc (ASTM D-792), and a DSC peak melting point of 
approximately 103° C. (Exxon method); EXACTTM 3028 
with a melt index of approximately 1.2 dg/min (ASTM 
D-1238), a density of approximately 0.90 g/cc (ASTM 
D-792), and a DSC peak melting point of approximately 92 
C. (Exxon method); and EXACTTM4011 with a melt index of 
approximately 2.2 dg/min (ASTM D-1238), a density of 
approximately 0.89 g/cc (ASTM D-1505), and a DSC peak 
melting point of approximately 70° C. (Exxon method). 
Other suitable homogeneous ethylene/alpha-olefin copoly 
mers include AFFINITY resins from the Dow Chemical Co., 
such as PL 1880 with a density of approximately 0.90 g/cc 
and melt index of approximately 1.0 dg/min (ASTM 
D-1238); PL 1840 with a density of approximately 0.91 g/cc 
and melt index of approximately 1.0 dg/min (ASTM 
D-1238); PL 1845 with a density of approximately 0.91 g/cc 
and melt index of approximately 3.5 dg/min (ASTM 
D-1238); and FM 1570 with a density of approximately 0.915 
g/cc and melt index of approximately 1.0 dg/min (ASTM 
D-1238). 

In the formation of medical pouches, the first exterior layer 
14 serves as a heat-seal layer. In this manner, when multilayer 
film 10 is formed into a medical solution pouch, first exterior 
layer 14 will form the inside surface of the pouch, i.e., the 
Surface which is in contact with the packaged medical solu 
tion. In addition, layer 14 forms a heat-seal when the film 10 
is folded upon itself or mated with another film such that two 
regions of layer 14 are brought into contact with one another 
and Sufficient heat is applied to predetermined segments of 
the contacting regions of layer 14 that the heated segments 
become molten and intermix with one another. Upon cooling, 
the heated segments of layer 14 become a single, essentially 
inseparable layer. In this manner, the heated segments of layer 
14 produce a liquid-tight closure which is commonly referred 
to as a heat-seal. The heat-seals thus formed are generally 
fin-shaped and are linked together to define the peripheral 
boundaries of the pouch so that a medical solution can be fully 
enclosed therein. 

First exterior layer 14 comprises a material selected from 
the group consisting of a homopolymer or copolymer of 
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polypropylene, a blend of homopolymer or copolymer of 
polypropylene and elastomer, high density polyethylene, and 
copolyester. Of the foregoing materials, layer 14 preferably 
comprises a blend of homopolymer or copolymer of polypro 
pylene and elastomer. The polypropylene imparts good heat 
resistance to layer 14 while the elastomer provides creep- and 
impact-resistance thereto. When the elastomer is blended 
with polypropylene Such that the weight percentage of elas 
tomer ranges from about 5 to about 50 (based on the total 
weight of layer 14), excellent heat-seals can be produced. The 
best heat-seals are obtained when the elastomer is present at 
a weight percentage ranging from about 10 to 40 and, most 
preferably, from about 10 to 30. Such heat-seals are consis 
tently able to withstand all of the severe conditions typically 
encountered by medical Solution pouches, i.e., heat-steriliza 
tion, pressure-cuff application, and general rough handling. 

The homopolymer or copolymer of polypropylene is pref 
erably propylene/ethylene copolymer having from about 2 to 
about 10 percent by weight ethylene and, more preferably, 
from about 4 to about 6 percent ethylene. A suitable propy 
lene/ethylene copolymer is commercially available from the 
Total Petrochemicals under the tradename Z9450, and has an 
ethylene content of about 6 weight percent. Other commer 
cially available propylene/ethylene copolymers include, e.g., 
PLTD 665 from ExxonMobil. The polypropylene used in 
layer 14 may be of any of the available types, i.e., isotactic, 
syndiotactic, and, less preferably, atactic. 
The elastomer may be selected from the group consisting 

of styrene-ethylene-butylene-styrene block copolymer 
(SEBS), styrene-butadiene-styrene block copolymer (SBS), 
styrene-isoprene-styrene block copolymer (SIS), ethylene 
propylene rubber (EPM), and ethylene-propylene-diene ter 
polymer (EPDM). SEBS is commercially available, e.g., Kra 
ton Polymers Co. G-1650, G-1652, and G-1657X. SBS is 
commercially available, e.g., Kraton Polymers Co. D-1 101, 
D-1102, D-1300C, D-4122, D-4141, D-4455X, and 
D-4460X. SIS is commercially available, e.g., from Kraton 
Polymers Co. D-1 107, D-11 11, D-1112, and D-1117. EPM is 
commercially available, e.g., from ExxonMobil as Vistalon 
719 or 503. EPDM is commercially available, e.g., from 
ExxonMobil as Vistalon 3708. 

Suitable, pre-prepared blends of polypropylene and elas 
tomer are also commercially available. For example, Z-4650 
from Horizon Polymers is a blend of 80 percent by weight 
Z9450 (propylene/ethylene copolymer as described above) 
and 20 percent by weight Kraton G-1652 (SEBS as described 
above). The other materials from which layer 14 can be 
formed are all widely and commercially available. 

First adhesive layer 18 preferably comprises a material 
selected from the group consisting of ethylene/alpha-olefin 
copolymer having a density of less than or equal to 0.89 grams 
per cubic centimeter, a blend of homogeneous ethylene/al 
pha-olefin copolymer having a density ranging from about 
0.89 to about 0.92 grams per cubic centimeter and the mate 
rial from which first exterior layer 14 is formed, anhydride 
modified ethylene/vinyl acetate copolymer, and anhydride 
modified ethylene/methyl acrylate copolymer. 

Each of the foregoing materials is compatible with the 
material from which interior layer 12 is formed (i.e., homo 
geneous ethylenefalpha-olefin copolymer). Thus, the particu 
lar material which is selected for adhesive layer 18 will 
depend upon the composition of first exterior layer 14. For 
example, when layer 14 comprises a blend of homopolymer 
or copolymer of polypropylene (e.g., propylene/ethylene 
copolymer) and elastomer (e.g., SEBS), first adhesive layer 
18 preferably comprises ethylene/alpha-olefin copolymer 
having a density of less than or equal to 0.89 grams per cubic 
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centimeter. In one particular embodiment, the density is less 
than or equal to 0.88 g/cc. Such a material has been found to 
adhere very well to layers 12 and 14 and, as a result, is 
believed to provide improved pressure-cuff performance for 
medical Solution pouches made from Such films. 
The most widely available ethylene/alpha-olefin copoly 

mers with densities of 0.89 g/cc or less are those which are 
homogeneous, e.g., metallocene-catalyzed. Such copolymers 
are commercially available from resin manufacturers such as 
The Dow Chemical Company and the ExxonMobil Com 
pany. Exemplary ethylene/alpha-olefin copolymers with den 
sities of 0.89 g/cc or less include ENGAGETMEG 8150, an 
ethylene/octene copolymer commercially available from 
Dow and having a density of 0.868 g/cc (ASTM D-792), a 
melt index of 0.5 dg/min. (ASTM D-1238), and 25% octene 
(ASTM D-2238, Method B); ENGAGETMEG 8100, an eth 
ylene/octene copolymer having a density of 0.87 g/cc (ASTM 
D-792), a melt index of 1 dg/min. (ASTM D-1238), and 24% 
octene (ASTM D-2238, Method B); and ENGAGETM EG 
8200, an ethylene/octene copolymer having a density of 0.87 
g/cc (ASTM D-792), a melt index of 5 dg/min. (ASTM 
D-1238), and 24% octene (ASTM D-2238, Method B). 

Second adhesive layer 20 preferably comprises a material 
selected from the group consisting of anhydride-modified 
ethylene/vinyl acetate copolymer, anhydride-modified ethyl 
ene/methyl acrylate copolymer, anhydride-modified ethyl 
ene/ethyl acrylate copolymer, anhydride-modified linear low 
density polyethylene, anhydride-modified very low density 
polyethylene, and anhydride-modified high density polyeth 
ylene. 

Each of the foregoing materials is compatible with interior 
layer 12. Thus, the particular choice of material for adhesive 
layer 20 will depend upon the material selected for second 
exterior layer 16. For example, when layer 16 comprises 
copolyester, adhesive layer 20 preferably comprises anhy 
dride-modified ethylene/methyl acrylate copolymer. Suitable 
anhydride-modified ethylene/methyl acrylate copolymers are 
commercially available from DuPont under the tradenames 
BYNELTM 21E810 and BYNELTM 2174. Other anhydride 
modified polymers may also be used. Each of the other mate 
rials which can be used for adhesive layers 18 and 20 are also 
commercially available. 

In one particular embodiment, the multilayer film of the 
present invention is directed to a five layered film having the 
following construction: 

1) A first outer exterior layer defining an inner (sealant) 
layer of a pouch formed from the multilayer film. In one 
embodiment, the first outer exterior layer comprises a com 
bination of a propylene/ethylene copolymer and a styrene 
ethylene-butylene-styrene block copolymer. Generally, the 
propylene/ethylene copolymer is present in amount from 
about 70 to 90 weight percent and the styrene-ethylene-buty 
lene-styrene block copolymer is present in an amount that is 
between about 10 and 30 weight percent, based on the total 
weight percent of the layer. Preferably, the amount of propy 
lene/ethylene copolymer is between about 75 and 85 weight 
percent with the amount of styrene-ethylene-butylene-sty 
rene block copolymer being between 15 and 25 weight per 
Cent. 

2) A first adhesive layer forming the second layer of the 
film and adhering the first outer exterior layer to an interior 
core layer; preferably, the first adhesive layer comprises a 
very low density polyethylene having a density less than 
about 0.910 g/cc. 

3) An interior core layer comprising a polyethylene; pref 
erably, the interior core layer comprises a combination of a 
metallocene very low density polyethylene having a density 



US 8,808,595 B2 
9 

less than about 0.910 g/cc and a high density polyethylene 
having a density greater than about 0.940 g/cc. Generally, the 
metallocene very low density polyethylene is present in 
amount from about 80 to 92 weight percent and the high 
density polyethylene is present in an amount that is between 
about 8 and 20 weight percent, based on the total weight 
percent of the layer. In a preferred embodiment, the amount of 
high density polyethylene is between about 10 and 15 weight 
percent with the amount of metallocene very low density 
polyethylene being between 85 and 90 weight percent. 

4) A second adhesive layer forming the fourth layer of the 
film and adhering the interior core layer to a second outer 
exterior layer. The second adhesive layer preferably com 
prises an anhydride-modified ethylene/methyl acrylate 
copolymer having a melt index of about 1 to 4 dg/min and a 
density of about 0.931 g/cc. And 

5) A second outer exterior layer defining an outer Surface of 
a pouch formed from the multilayer film. The second outer 
exterior layer comprises at least 60% by weight of a copoly 
ester, and from about 5 to 40% by weight of a polyamide 612 
component with a melting point of about 215° C. or greater. 
Preferably, the second outer exterior layer comprises at least 
65% of a copolyester and from about 10 to 35 weight percent 
of the polyamide 612 component. 

Multilayer film 10 preferably has a total thickness ranging 
from about 3 to 14 mils (1 mil=0.001 inch=0.0254 mm), 
preferably 5 to 10 mils, and most preferably 6.5 to 9.5 mils. 
Exterior layers 14 and 16 may range in thickness from about 
0.5 to about 8 mils, but preferably are about 0.75 mil in 
thickness. Adhesive layers 18 and 20 may range in thickness 
from about 0.1 to about 0.75 mil, but preferably are about 0.4 
mil in thickness. Interior layer 12 may range in thickness from 
about 1 to about 9 mils, but preferably is about 5.2 mils in 
thickness. 
As can be appreciated by those having ordinary skill in this 

art, the multilayer films of the present invention are not lim 
ited to the five-layer structure described above. Films having 
a fewer number of layers than that shown, e.g., the three and 
four layer structures described earlier herein, are included 
within the scope of the present invention. In addition, films 
having a greater number of layers than that shown in FIG. 1 
are also included within the scope of the present invention. 
That is, additional layers could be added to the structure 
shown in FIG. 1 in order to provide additional desired prop 
erties to the film. For example, additional high density poly 
ethylene layer(s) may be included in the film in order to 
increase the moisture barrier capabilities of the film if such an 
increase is desired. Additional oxygen barrier layer(s) may 
also be included if desired. 

Various additives may used in any or all of the layers of the 
multilayer film of the present invention. Such additives 
include, without limitation, antiblocking agents, antioxi 
dants, processing aids such as calcium Stearate, pigments, 
antistatic agents, etc. Where the multilayer film is to be used 
to for making medical solution pouches, the amount of addi 
tive included in the film is preferably kept to a minimum in 
order to minimize the likelihood that such additives will be 
extracted into the medical solution during heat-sterilization. 
The inventors of the present invention have also discovered 

that incorporating a fatty amide or a derivative thereof into 
one or more layers of the film can help prevent or reduce the 
formation of foam in the medical Solution following autoclav 
ing, although not necessarily with equivalent results. 

Fatty amides that can be used in the practice of the inven 
tion generally have carbon chains that are between about 12 to 
22 carbons, and more typically from about 16 to 18 carbons in 
length. In particular, it is generally desirable for the fatty 
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amide to have a melting point above about 100°C., and more 
particularly above about 121° C. Fatty amides that can be 
used in the invention include primary, secondary, tertiary, or 
bis(fatty) amides. Examples of the different types include 
primary fatty amides such as erucamide, behenamide, olea 
mide, or Stearamide; secondary fatty amides such as 
Stearylerucamide, erucylerucamide, oleylpalmitamide, Stear 
ylstearamide, or erucylstearamide; tertiary fatty amides Such 
as dimethylstearamide, diethylstearamide; and N,N'-bis 
(fatty) amides such as N,N'-ethylene bis(stearamide), N,N'- 
methylene bis(stearamide), N,N'-ethylene bis(oleamide), or 
N,N'-propylene bis(oleamide). These fatty amides can be 
used with the present invention singularly or in combination. 
In addition to fatty amides, derivatives of fatty amides can be 
used in the practice of the invention including fatty amides 
having one or more substitutions including N.Nethylene-bis 
(12-hydroxysteramide) and N(2-hydroxethyl) 12-hydroxys 
teramide, and blends thereof. 
The amount of the fatty amide component that can be 

incorporated into the film is generally between about 0.5 to 5 
weight percent based on the total weight of the layer to which 
it has been added, and in particular from about 1 to 2 weight 
percent. In the case of a layer comprising a copolyester, the 
amount offatty amides incorporated into the layer is typically 
from about 0.5 to 2 weight percent, based on the total weight 
of the copolyester layer. 
The multilayer films of the present invention are preferably 

formed by cast coextrusion as a tubular film, or as a flat film. 
Containers for medical applications or other end uses can be 
made directly from the coextruded, tubular film, or alterna 
tively from rollstock material obtained from the tube after it 
has been slit and ply-separated. A hot blown process can also 
be used to make the film, although the optical properties of the 
resulting pouch would likely be inferior to those from a cast 
coextrusion process. Other processes, such as extrusion coat 
ing, conventional lamination, slot die extrusion, etc., can also 
be used to make the multilayer film of the present invention, 
although these alternative processes can be more difficult or 
less efficient than the preferred method. 

Multilayer films in accordance with the present invention 
can be cross-linked. Cross-linking increases the structural 
strength of the film at elevated temperatures and/or increases 
the force at which the material can be stretched before tearing 
apart. Cross-linking is preferably done by irradiation, i.e., 
bombarding the film with particulate or non-particulate radia 
tion Such as high-energy electrons from an accelerator or 
cobalt-60 gamma rays, to cross-link the materials of the film. 
Generally an irradiation dosage level is in the range of from 
about 2 megarads (MR) to about 8 MR Any conventional 
cross-linking technique may be used. For example, electronic 
cross-linking may be carried out by curtain-beam irradiation. 
Chemical cross-linking techniques may also be employed, 
e.g., by the use of peroxides. 
As will be appreciated in view of the foregoing discussion, 

the multilayer film is particularly Suited for preparing 
pouches therefrom. The multilayer film can be used to pre 
pare both single and multicompartment pouches. In this 
regard, FIG. 2 illustrates a pouch that is in accordance with at 
least one embodiment of the invention and that is broadly 
designated as reference number 30. As shown, the pouch 30 
comprises a container having an interior space 32 for contain 
ing a medical Solution 34 therein. In one embodiment, the 
pouch 30 may comprise a front sheet 36 and a rear sheet 38 of 
multilayer film 10 that are oriented face-to-face and affixed to 
each other at side edges 40, 42, top edge 44, and bottom edge 
46. In one embodiment, the pouch is formed of a multilayer 
film in which the exterior layer forming the outer surface 48 
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of the pouch comprises a copolyester having a dicarboxylic 
acid component and a diol component, and a fatty amide or 
fatty amide derivative component. Preferably, the fatty amide 
component is present in an amount from about 1 to 2 weight 
percent based on the total weight percent of the outer layer of 
the multilayer film. 

Generally, each of the edges is a heat seal having a seal 
strength of about 40 N/in or greater as measured by ASTM 
test F88. In some embodiments, the front and rear sheets may 
comprise two separate sheets, or alternatively, a single sheet 
of multilayer film 10 that has been center-folded at bottom 
edge 46. Together the sheets define pouch 30 having an inte 
rior compartment 32 for receiving a solution therein. The 
front and rear sheets may be sealed together using thermal 
bonds, ultrasonic bonds, radio frequency sealing, or the like. 
As used herein, the term "seal strength” refers to the force per 
unit width of film required to progressively separate two 
materials that have been sealed together. 

In some embodiments, the pouch may comprise a dis 
charge outlet 60 that is adapted to be in fluid communication 
with compartment 32. The discharge outlet may be attachable 
to a standard IV device and/or administration set. The pouch 
may also comprise a Support hole 70 or clip for attaching the 
pouch to a Support Such as stand. In one embodiment, the 
pouch may comprise one or more inlets for introducing com 
ponents that are to be confined within the pouch. In some 
embodiments, discharge outlet 60 may serve a dual role for 
introducing the components and releasing the components at 
a desired time. 

In one embodiment, the pouch 30 comprises a container or 
pouch having a bag-like shape. Alternatively, the pouch 30 
may have a bottle-like, tray-like, box-like, or tube-like shape. 
The shape and size of the pouch may be varied depending 
upon its intended use and need. 

The pouch may be prepared in a variety of ways. In one 
embodiment, the pouch may be prepared from a roll of 
double-wound multilayer film 10 wherein the sheets are sepa 
rated to form the front and rear sheets of the pouch. The 
separate sheets may then be conveyed in a Substantially par 
allel manner. In other embodiments, the front and rear sheets 
may be formed from a tubular film or from sheets of film that 
are provided on separate Supply rolls. In some embodiments, 
any excess sheet material can be trimmed away from around 
the perimeter heat seals. If desired, the front or rear sheets 
may be printed with any necessary labeling information. 

After the pouch has been manufactured, sealed, and filled, 
it is ready for sterilization. Autoclaving is a method that is 
commonly used for Sterilizing medical liquids and equip 
ment. In one technique, the sterilized pouch is placed into a 
plastic overwrap or container. The overwrap may serve as a 
dust cover and help protect the contents of the pouch from any 
external foreign contaminants, moisture loss, gas permeation, 
etc. If desired, the sterilization process could be performed 
following the overwrapping process. Additionally, depending 
upon the product requirements, one compartment can be 
filled and sterilized first, followed by the filling, sealing, and 
sterilization of the other compartment. 

Pouches made by the multilayer films of the present inven 
tion may be sealed by various means well known in the art, 
including impulse and hot-bar sealing. An example of a com 
mercially available impulse-type sealing device is a Ver 
trodTM heat sealer. The heat-seals which form the top and 
bottom of the pouch (generally shorter in length than the sides 
of the pouch) are preferably formed in the machine direction 
of the multilayer film (i.e., the direction in which the film 
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12 
moved through the production equipment), verses the trans 
verse direction (which is perpendicular to the machine direc 
tion). 
The multilayer films of the present invention have been 

described in connection with a pouch for the packaging of 
medical solutions. However, it is to be understood that other 
applications for the films are also possible, and that this 
disclosure should not be construed as being limited only to 
medical Solution pouches. 
The invention may be further understood by reference to 

the following examples, which are provided for the purpose 
of representation, and are not to be construed as limiting the 
Scope of the invention. 

EXAMPLES 

All of the films used in the examples were cast coextruded 
and cross-linked by high-energy electron radiation. Each of 
the films had the five-layer structure shown in FIG. 1 and had 
a total thickness of approximately 7.5 mils. The exterior 
layers 14 and 16 each had a thickness of about 0.55 mils and 
0.75 mils, respectively, adhesive layers 18 and 20 each had a 
thickness of about 0.4 mils, and interior layer 12 had a thick 
ness of approximately 5.4 mils. 
The materials used in the examples are identified below. All 

percentages are weight percents unless indicated otherwise. 
All physical property and compositional values are approxi 
mate unless indicated otherwise. 

“EPC-1”: Z9450TM; a propylene/ethylene copolymer hav 
ing an ethylene content of about 6 weight percent and a 
density of about 0.89 g/cc (ASTM D-1505); obtained from 
the TOTAL Petrochemicals. 

“SEBS': Kraton G-1652TM; a styrene-ethylene-butylene 
styrene block copolymer having a tensile strength of about 
4500 psi (ASTM D-412), a 300% modulus of about 700 psi 
(ASTM D-412), an elongation of about 500% (ASTM 
D-412), a Shore Ahardness of about 75, and a specific gravity 
of about 0.91; obtained from Kraton Polymers Co. 
“HDPE: Fortiflex T60-500-119; a high density polyeth 

ylene obtained from Ineos Olefins and Polymers. 
“VLDPE': Engage EG 8100GTM a metallocene very low 

density polyethylene obtained from The Dow Chemical 
Company, Midland, Mich. 
“mVLDPE': Exceed 1012CATM: a very low density met 

allocene polyethylene obtained from ExxonMobil, Irving, 
Tex. 
“EMA: BYNEL 21 E810TM; an anhydride-modified eth 

ylene/methyl acrylate copolymer having a melt index of 
about 2.8 dg/min (ASTM D-1238) and a density of about 
0.931 g/cc (ASTM-1505); obtained from E. I. DuPont de 
Nemours of Wilmington, Del. 

“CPE': ECDEL 9965TM; a copolyester ether having a flow 
rate of about 20 grams/10 minutes (ASTM D-1238) and a 
specific gravity of about 1.13 (ASTM D-792); obtained from 
Eastman Chemical Products, Inc., Kingsport, Tenn. 
“AO’: Irganox 1010TM; an antioxidant and thermal stabi 

lizer obtained from the Ciba Specialty Chemicals. 
“PA 612”: is polyamide 612 having a melting point of 215° 

C. obtained from EMS Grivory under the tradename XE 
3912. 

“Calcium Stearate’: Calcium Stearate obtained from Min 
eral and Pigment Solutions, Inc., 

“FA': N,N' ethylene-bis(12-hydroxysteramide), a fatty 
amide having a melting point of 140°C. obtained from Ver 
tellus under the tradename Paricin 285(R). 

Examples 1-10 

A multilayer film in accordance with the present invention 
had the following five-layer structure: 
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First exterior (heat-seal) layer 14: 80% EPC-1+20% SEBS 
First adhesive layer 18: VLDPE 
Interior (core) layer 12: 88% mVLDPE+12% HDPE 
Second adhesive layer 20: EMA 
Second exterior (abuse-resistant) layer 16: included CPE 

and an anti-foaming additive as set forth in Table 1 below. The 
weight percent of the anti-foaming agent is based on the total 
weight of the second exterior layer. 

The effects of the anti-foaming agent on bubble formation 

5 

using various anti-foaming additives are Summarized in Table 10 
1 below. The films have the same structure with the exception 
of the addition of the anti-foaming additive in the second 
exterior layer of the film. The comparative Example did not 
include an anti-foaming additive. 

TABLE 1. 

Bubble Test Results 

Weight% Weight% PA Weight% Ca Weight % Bubble 
CPE 612 Stearate FA Test 

Example 1 90 10 Passed 
Example 2 85 15 Passed 
Example 3 8O 2O Passed 
Example 4 65 35 Passed 
Example 5* 98.85 1 Passed 
Example 6* 97.7 2 Passed 
Example 7 98 2 Passed 
Comparative 100 O O O Failed 
Example 

*Examples 5 and 6 include 0.15% and 0.3% of euramid wax as an antiblock agent, respectively. 

Test solutions prepared from the multilayer films of 
Examples 1-7 and Comparative Example were prepared in 
accordance with the State Drug Package Container Material 
Standard No. YBB001 12005. A 5 ml sample of each test 
Solution was placed in a test tube and then Subjected to Vig 
orous shaking for 3 minutes. After shaking, little to no foam 
was present in the test tubes. At the end of the 3 minutes, the 
test tubes were placed in a test tube stand and observed for 3 
minutes. At the end of 3 minutes there is to be no foam 
present. As can be seen in the above table, the films of 
Examples 1-7 all passed the bubble test. Blooming was 
observed in Example 7. The Comparative Example film failed 
the bubble test. 

With the test solution prepared from the film of Example 1, 
the foam disappeared almost immediately after shaking was 
stopped. In contrast, the test Solution prepared from the ref 
erence film showed a distinct appearance of foam after shak 
ing. Typically if foam occurs as in the reference film, the foam 
will be present immediately after the shaking is ceased. As the 
test solution comes to rest, the foam from the reference film is 
very noticeable and is present on the surface of the test solu 
tion. The foam height in the reference film test solution has 
been observed to be up to 12 mm. The test solution prepared 
from the film of Example 1, had minimal or no foam present 
after shaking. Any foam that was present after shaking dis 
appeared quickly within the 3 minutes. 
Many modifications and other embodiments of the inven 

tion set forth herein will come to mind to one skilled in the art 
to which the invention pertains having the benefit of the 
teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that the 
invention is not to be limited to the specific embodiments 
disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended 
claims. Although specific terms are employed herein, they are 
used in a generic and descriptive sense only and not for 
purposes of limitation. 
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That which is claimed: 
1. A method for reducing or preventing the formation of 

bubbles in a medical solution contained in a pouch after heat 
sterilization, the method comprising: 

cast extruding a flexible multilayer film having an outer 
layer comprising a copolyester having a dicarboxylic 
acid component and a diol component; 

incorporating a polyamide 612 into said copolyester layer, 
wherein polyamide 612 is present in an amount from 
about 15 to 35 weight percent based on the weight of the 
copolyester layer, 

forming the flexible multilayer film into a pouch having an 
interior space for receiving a medical Solution therein by 
orienting front and rear sheets comprising said flexible 

Haze% Blooming 

4.75 
5.84 
6.68 
6.76 

Not observed 
Not observed 
Not observed 
Not observed 
Not observed 
Not observed 
Observed 

8.6 

6.27 

multilayer film in a face-to-face relationship and heat 
sealing said front and rear sheets to each other along 
opposing adjacent edges to define said interior space, 
wherein upon packaging a medical Solution therein, the 
pouch is capable of passing the bubble test as set forth in 
the Chinese State Drug Package Container Material 
Standard No. YBB001 12005, and wherein the multi 
layer film further comprises 

a core layer comprising a combination of a metallocene 
very low density polyethylene having a density less than 
0.910 g/cc and a high density polyethylene having a 
density greater than 0.940 g/cc: 

a second outer layer comprising a combination of a propy 
lene/ethylene copolymer and a styrene-ethylene-buty 
lene-styrene block copolymer; and 

first and second adhesive layers joining each of the outer 
layers to the core layer. 

2. The method of claim 1, wherein the polyamide 612 is 
incorporated in to the copolyester layer during the step of 
extruding the film. 

3. The method of claim 1, further including the step of 
introducing a medical Solution into the pouch through an 
opening therein and sealing said opening closed. 

4. The method of claim 1, wherein polyamide 612 is 
present in an amount from about 20 to 30 weight percent 
based on the weight of the copolyester layer. 

5. The method of claim 1, wherein polyamide 612 is 
present in an amount from about 20 to 35 weight percent 
based on the weight of the copolyester layer. 

6. A method for reducing or preventing the formation of 
bubbles in a medical solution contained in a pouch after heat 
sterilization, the method comprising: 

cast extruding a flexible multilayer film having an outer 
layer comprising a copolyester having a dicarboxylic 
acid component and a diol component; 
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incorporating a polyamide 612 into said copolyester layer, 
wherein polyamide 612 is present in an amount from 
about 15 to 35 weight percent based on the weight of the 
copolyester layer; 

forming the flexible multilayer film into a pouch having an 
interior space for receiving a medical Solution therein by 
orienting front and rear sheets comprising said flexible 
multilayer film in a face-to-face relationship and heat 
sealing said front and rear sheets to each other along 
opposing adjacent edges to define said interior space, 
wherein upon packaging a medical Solution therein, the 
pouch is capable of passing the bubble test as set forth in 
the Chinese State Drug Package Container Material 
Standard No. YBB001 12005, wherein the multilayer 
film comprises 

a first outer layer comprised of the copolyester and polya 
mide 612 wherein the polyamide 612 is present in an 
amount from about 15 to 35 weight percent based on the 
total weight percent of the first outer layer; 

a core layer comprising a very low density polyethylene; 
a second outer layer of a heat sealable material; and 
a first and second adhesive layers joining the first and 

second outer layers to the core layer, respectively, and 
wherein the second outer layer comprises a combination 
of a propylene/ethylene copolymer and a styrene-ethyl 
ene-butylene-styrene block copolymer. 

7. The method of claim 6, wherein the propylene/ethylene 
copolymer is present in amount from about 70 to 90 weight 
percent and the styrene-ethylene-butylene-styrene block 
copolymer is present in an amount that is between about 10 
and 30 weight percent, based on the total weight percent of the 
second outer layer. 
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8. The method of claim 6, wherein the first adhesive layer 

comprises a very low density polyethylene having a density 
less than 0.910 g/cc. 

9. A method for reducing or preventing the formation of 
bubbles in a medical solution contained in a pouch after heat 
sterilization, the method comprising: 

cast extruding a flexible multilayer film having an outer 
layer comprising a copolyester having a dicarboxylic 
acid component and a diol component; 

incorporating a polyamide 612 into said copolyester layer, 
wherein polyamide 612 is present in an amount from 
about 15 to 35 weight percent based on the weight of the 
copolyester layer, 

forming the flexible multilayer film into a pouch having an 
interior space for receiving a medical Solution therein by 
orienting front and rear sheets comprising said flexible 
multilayer film in a face-to-face relationship and heat 
sealing said front and rear sheets to each other along 
opposing adjacent edges to define said interior space, 
wherein upon packaging a medical Solution therein, the 
pouch is capable of passing the bubble test as set forth in 
the Chinese State Drug Package Container Material 
Standard No. YBB001 12005, and wherein the multi 
layer film further comprises 

a core layer comprising a very low density polyethylene 
that is present in amount from about 80 to 92 weight 
percent and the high density polyethylene is present in 
an amount that is between about 8 and 20 weight per 
cent, based on the total weight percent of the core layer; 

a second outer layer of a heat sealable material; and 
a first and second adhesive layers joining the first and 

second outer layers to the core layer, respectively. 
k k k k k 


